The interaction of cells with their substratum is an important determinant of cell behaviour, influencing attachment, proliferation, and motility. Such interactions are mediated by cell surface receptors which bind to attachment factors, like the glycoprotein laminin in basement membranes. We have previously shown that expression of the 67-kDa laminin receptor (67LR) is elevated in proliferating retinal microvasculature compared with mature, quiescent vessels. Here, we examined 67LR mRNA and protein expression in primary cultures of retinal microvascular endothelial cells (RMEC) and in the breast cancer cell-line T47D during stages of contact inhibition. In both cell types, the expression levels of 67LR mRNA and membraneassociated 67LR protein were significantly increased during the proliferative phases of monolayer formation. As the cells achieved contact inhibition, 67LR expression was reduced to comparatively low levels. Thus, the differential expression of 67LR between dividing and contact-inhibited cells may indicate a role for this receptor during proliferative processes.
The correct interaction of cells with their basement membrane (BM) is crucial for a range of important processes including adhesion, migration, motility, and proliferation (1) . The multidomain glycoprotein laminin is an integral component of vascular BMs and is considered to have a critical role in mediating cell behaviour under physiological conditions (2) . Cells can bind laminin via a range of cell surface proteins including several members of the integrin receptor family and a variety of non-integrin receptors (3) . Among the non-integrin receptors, a 67-kDa protein (known as 67LR) has been shown to bind laminin with high affinity and is thought to be the major laminin receptor on a wide range of cells (4) .
The site of 67LR interaction on the laminin molecule occurs at the YIGSR sequence situated on the short arm of the ␤1 chain (5, 6) and in vitro studies have demonstrated that YIGSR-containing peptides promote cell spreading (7) and cell differentiation (8) . Furthermore, the use of peptide analogues containing the YIGSR motif can block the formation of experimental tumour metastases (911).
67LR appears to play an important role in tumour development and progression. For example, increased 67LR expression has been demonstrated in human colon carcinoma cells (12) and its upregulation is associated with the malignant phenotype in breast (13) , ovary (14) and others. Functionally, 67LR has been associated with tumour cell invasion and metastasis reflecting its role in cell attachment and migration (15) .
67LR is expressed by vascular endothelial cells where it may have an important role in the process of angiogenesis and initiation of an "angiogenic phenotype" (10, 16) . This is further evidenced by a recent study by Stitt et al. (17) which demonstrated that 67LR is expressed by the proliferating retinal vasculature during neovascularisation whilst the quiescent vascular cells in normal, control retinas show comparatively low expression levels. In vitro the level of confluency of contact-inhibited cells, such as in the vascular endothelium, determines the rate at which they will proliferate; newly plated cells adhere and begin to proliferate quickly, but as confluency is reached and space becomes restricted, the rate of proliferation slows (18) .
Most proliferating cells require the expression of adhesion molecule-receptors in order to interact with their underlying substratum (19) . 67LR, by virtue of its high affinity for laminin, may have an important role in rapidly anchoring cells to the substratum during cell proliferation (20, 21) . With respect to previous in vivo studies showing 67LR regulation in proliferating vascular cells the current in vitro investigation has examined this receptor protein and mRNA expression during proliferation of retinal microvascular endothelial cells (RMEC) and also, for comparative purposes, the human breast carcinoma cell-line T47D.
MATERIALS AND METHODS

Cell Culture
Isolation of RMEC was performed according to the protocol outlined by Stitt et al. (22) . Briefly, retinas were removed from 20 bovine eyes, washed three times in ice-cold minimum essential medium (MEM) (Gibco BRL, Gaithersburg, MD) containing HEPES (N-2-hydroxylethylpiperazine-NЈ-2-ethane sulphonic acid) buffer (30 mM MEM-HEPES) and homogenised in 10 ml of medium. The homogenate was centrifuged at 1700 rpm for 10 min, the supernatant discarded and the pellet re-suspended in MEM-HEPES (4 ml). The suspension was filtered through 85 m nylon mesh, and the retained microvessels were treated with pronase (500 g/ml), DNase I (500 g/ml) and collagenase (50 g/ml). This suspension was incubated at 37°C in a rotating incubator, and the reaction stopped by the addition of ice-cold MEM-HEPES. The mixture was filtered through 53 m nylon mesh and the retained microvessels were resuspended in MEM-HEPES, then centrifuged at 1700 rpm for 10 min. The supernatant was discarded and the pellet was re-suspended in Dulbecco's modified Eagle's medium (DMEM) supplemented with human serum (10%; Sigma Chemical Co., Poole, UK), insulin (4 g/ml), heparin (10 g/ml), antibiotic/antimycotic solution (1% v/v; Sigma) and fungizone (2.5 g/ml). The suspension was decanted into T-25 culture flasks precoated with porcine gelatin (Sigma) and maintained at 37°C in a humidified atmosphere (5% CO 2 :95% air). Adherent cells were passed routinely every 4-5 days (at a concentration of 1 ϫ 10 4 cells/ml). After passage 3, foetal calf serum (FCS) was used instead of human plasma when the cell culture was deemed free from pericyte contamination. Cells used in this study were from passage 3 to 6 and the cellular composite of the monoculture was confirmed with von Willebrand factor immunofluorescence. Phase contrast photographs of cells at various stages of growth were taken on a Nikon Diaphot inverted microscope.
T47D human breast carcinoma cells (23) were obtained from the European Animal Cell Culture Collection (Porton Down, UK). Cells were routinely cultured at 37°C in DMEM supplemented with 10% FCS, penicillin (100 units/ml) and streptomycin (100 g/ml).
Cell Counts and Viability Tests
Prior to experiments (day 0), approximately 2 ϫ 10 5 RMEC were plated onto T-25 culture flasks. T47D were plated at a density of 6 ϫ 10 6 cells/T-75 culture flasks. At 24 h intervals, both groups of cells were trypsinised and centrifuged at 1100 rpm for 5 min. The supernatants were carefully aspirated and the cell pellets resuspended in 5 ml of serum-free DMEM. Cell counts were performed using a haemocytometer, with cells being counted in 8 different fields of view. The mean concentration of cells was calculated per ml growth medium. The viability of the cells was determined by trypan blue exclusion. 100 l of medium containing re-suspended cells were diluted in a ratio of 1:2 with trypan blue and left for 30 min at 37°C. Viable cells which had exocytosed the dye and non-viable cells which remained stained were counted using a haemocytometer as described above.
Preparation of Plasma Membrane Protein Samples from Cell Monolayers
Plasma-membrane-rich fractions were prepared by scraping RMEC or T47D monolayers in ice-cold PBS (phosphate-buffered saline), centrifuged at 1100 rpm for 5 min, and disrupted with a tight Dounce homogeniser in an extraction buffer solution of PBS containing a complete mini protease inhibitor cocktail tablet (Boehringer Mannheim, Mannheim, Germany). Nuclei and unbroken cells were pelleted by centrifugation at 3000 rpm for 15 min at 4°C, after which the supernatant was removed and centrifuged at 28,000 rpm for 90 min at 4°C (Beckman Ultracentrifuge; Beckman Instruments Inc., Palo Alto, CA). The supernatant was discarded and the pellet washed in extraction buffer after which the centrifugation was repeated. The plasma-membrane-rich pellet was re-suspended in PBS containing 1% Nonidet P40 (Sigma), 0.1% sodium dodecyl sulfate (SDS) and a protease inhibitor cocktail tablet. Protein concentrations were estimated using the BCA protein assay kit (Pierce, Rockford, Illinois).
Preparation of 67LR Antibody
A polyclonal antibody to the extracellular C-terminal domain of the 67LR laminin receptor (PTEDWSAQPA-TEDWSAAPTA, "peptide Pro-20-Ala") (24) was raised in rabbits as described earlier (25) .
SDS-PAGE and Western Blotting
SDS-PAGE was conducted according to the protocol outlined by Laemmli (26) . Protein samples were diluted in Laemmli lysis buffer containing 2% ␤-mercaptoethanol and boiled for 10 min at 99°C. Equal concentrations of each protein sample (10 -20 g per well) were separated on denaturing 4 -20% Tris-glycine SDS gels (Bio-Rad) at 90 V. Equal loading was confirmed by staining a portion of the gel with Coomassie Blue. Proteins were transferred onto either nitrocellulose membrane (Bio-Rad) or Immobilon-P PVDF membrane (Millipore Ltd) at a constant current of 200 mA. The membrane was left to dry overnight, then non-specific binding sites on the membrane were blocked in a 4% solution of non-fat instant milk (Marvel) and the membrane was then washed in Tris-buffered saline (TBS) containing 0.05% Tween 20 (TBS-T). The membrane was then probed with the polyclonal antibody to 67LR diluted in TBS-T (1:1000) for 2 h. After washing with TBS-T, the membrane was incubated in a goat antirabbit secondary antibody (1:4000 dilution in TBS-T for 2 h) with either a horseradish peroxidase-conjugate (Dako Ltd., Glostrup, Denmark) and detected using ECL chemiluminescence (Amersham, Little Chalfont, UK) exposed to Hyperfilm X-ray film (Amersham), or an alkaline phosphatase-conjugate (Sigma) with bromo-chloro-indolyl phosphatase/nitroblue tetrazolium chromogenic detection. Band densities were estimated using the Electrophoresis Documentation and Analysis System 120 software (Kodak Digital Science, New Haven, CT). At least three separate experiments were performed on three different cell isolations. Statistical comparison between bands was conducted using the Students t-test. Significance was taken to be above 95% confidence limits.
RT-PCR
RNA was extracted from cell monolayers using the RNeasy Mini Kit (Qiagen, Crawley, UK). The quantity of RNA in each sample was determined spectrophotometrically (U 1100 Model, Hitachi Ltd., Tokyo, Japan) and the purity and quality of each RNA sample was estimated by visualisation of clear 18S and 28S ribosomal RNA bands after electrophoresing 1 g of each sample on a 1% agarose gel. RNA samples were reverse transcribed into cDNA using the 1st Strand cDNA Synthesis Kit (Boehringer Mannheim). The resulting single-stranded cDNA was amplified in a PCR utilising sequence-specific primers for the 67LR (Forward Primer: TCACTAACCAGATCCAAGC, Reverse Primer: CTTGGTCACAGCCTTCTC) to amplify a 350 bp fragment. The PCR products were electrophoresed on a 2% agarose gel, stained with ethidium bromide (10 g/ml) and visualised on a TFX-20M UV Transilluminator (Gibco) connected to a digital camera (Kodak Digital Science). Band analysis was performed using the Electrophoresis Documentation and Analysis System 120 software (Kodak Digital Science).
Southern Blotting
After PCR products were electrophoresed on 2% agarose gels, the DNA was washed for 30 min in denaturing buffer (1 M NaCl, 0.5 M NaOH) and then washed twice for 15 min in neutralising buffer (1.5 M NaCl, 1 M Tris-HCl, pH 7.2, 0.001 M EDTA). The PCR products were then transferred overnight from the gels onto a nylon Hybond N ϩ membrane (Amersham) in 20ϫ SSC (3 M NaCl, 0.3 M sodium citrate). Membranes were washed for 5 min in distilled water and the DNA crosslinked by exposure to UV light (0.12 joules/cm 2 ) for 1 min. An oligonucleotide specific for the amplified gene product (GAGGCTGGTGGTCAGCCCTCGGAATC) was end-labelled with [␥-
32 P]ATP. The oligonucleotide (0.02 M) was mixed with reaction buffer (5 mM TrisHCl, pH 7.5, 0.1 mM dithiothreitol, 0.01 mM EDTA, 0.01 mM ATP), [␥-32 P]ATP (0.02 M, Amersham), T4 polynucleotide kinase and 3Ј phosphatase free (10 units/l, Boehringer Mannheim) in a total volume of 20 l. The mixture was incubated at 37°C for 30 min, after which the reaction was stopped by the addition of 100 l DNA Salmon sperm (8 mg/ml, Sigma). Hybridisation to the membranes with the 32 P-end-labelled oligonucleotide was performed at 52°C in QuikHyb (Stratagene, La Jolla, CA) for 2 h. Membranes were then washed in 1ϫ SSC containing 0.1% SDS for 20 min at room temperature and at 45°C, before a final 15 min wash in 0.1ϫ SSC containing 0.1% SDS at 45°C. The membrane was air-dried, wrapped in Saran Wrap and exposed to X-ray film (Amersham) at Ϫ70°C with intensifying screens. Band analysis of autoradiographs was performed using the Electrophoresis Documentation and Analysis System 120 software (Kodak Digital Science). At least three separate experiments were performed on three different cell isolations. Statistical comparison between bands was conducted using the Student t test. Significance was taken to be above 95% confidence limits.
RESULTS
Cell Counts and Viability Tests
Proliferation of RMEC and T47D cells followed a typical cell growth pattern displaying a characteristic S-shape curve. For T47D cells, the greatest rate of proliferation was from 24 to 48 h followed by a reduced rate from 72 to 96 h as the cells approached confluency (Figs. 1A and 1B) . Phase contrast photographs of RMEC in culture (Figs. 2A-2C ) illustrate the state of confluency of cells at different time periods examined.
Viability tests showed that RMEC and T47D cells were healthy and normal from 24 to 96 h when they reached confluency. The results for RMEC are shown in Table 1 .
Western Blotting
Western blotting for 67LR in plasma membrane protein extracts for both cell-types identified a band that migrated at ϳ67 kDa on 4 -20% SDS gels (Figs. 3A and  3B ). For RMEC, densitometric comparison of 67LR protein expression between samples demonstrated markedly high levels at 48 h, followed by a reduction at 72 h, and subsequently a significant decrease to reach its lowest level at 96 h (P Ͻ 0.05). At time periods Ͼ96 h, 67LR expression appeared elevated although the increases were not statistically significant (Fig. 3A) . T47D cells demonstrated a similar pattern to that observed with RMEC with 67LR protein expression significantly reduced at 96 h (P Ͻ 0.01) but appearing to increase at 144 h (Fig. 3B) .
RT-PCR and Southern Blotting
Preliminary experiments indicated that the exponential phase of the PCR reaction using 67LR primer pairs occurred from 17 to 20 cycles (Figs. 4A and 4B) . However, although the expected PCR product of 350 bp was observed on 2% agarose gels, at lower cycle numbers (Ͻ19 cycles) the bands were too faint for accurate densitometric band analysis. However, Southern blotting produced a clear, specific band which proved more suitable for band analysis. Results for both cell types displayed a similar pattern to that demonstrated by Western blotting with high expression levels at 48 h (Figs. 5A and 5B ). There was a subsequent significant decrease in expression to reach the lowest level of 67LR mRNA expression at 96 h (P Ͻ 0.05 for RMEC, P Ͻ 0.01 for T47D cells). There was a slight increase in expression at 120 h and 144 h but this was not statistically significant for either RMEC or T47D cells.
DISCUSSION
The BM component laminin has been shown to mediate several cell processes, including proliferation, due to its large, multidomain structure which provides multiple cell attachment sites (27) . Among the many cell receptors for laminin, the non-integrin receptor 67LR has been extensively studied and its expression has been shown to be elevated in tumour metastasis and angiogenesis (15, 20) . The expression of 67LR has been suggested to be a reflection of the proliferative properties of endothelial (20, 21) and epithelial cells (28) . A recent in vivo study by Stitt et al. (17) has demonstrated that this receptor was preferentially expressed by proliferating retinal vascular cells during neovascularisation, in comparison to the non-proliferating, quiescent retinal vasculature. The results presented in the current investigation demonstrate that sub-confluent, proliferating RMEC and breast carcinoma cells in culture express higher levels of 67LR than those in a confluent state suggesting an important role for this receptor in proliferative processes.
Subconfluent, proliferating RMEC and T47D cells in culture express higher levels of membrane-associated 67LR than those in a confluent state with the highest level of expression, both at a mRNA level and as a mature plasma-membrane-bound receptor, correlating with the time of most active proliferation, i.e., 48 h after passage. Likewise, the lowest levels of expression corresponds to the time period when the cells are confluent and contact-inhibited, i.e., 96 h after passage. This pattern of 67LR expression by proliferating and "semi-quiescent" cells in vitro is consistent with the in vivo observations of the mouse model of pre-retinal neovascularisation (17) .
It is interesting that the mRNA and protein expression of cell surface 67LR in both cell types begins to rise again after 96 h. This may be explained in the case of RMEC primary cultures by the observation that these cells are not fully contact inhibited in vitro, fail to become completely quiescent and continue to proliferate, albeit at a slower rate, in order to maintain an intact monolayer. Hence, the rise in 67LR expression at 120 and 144 h is possibly a reflection of the activity of a subpopulation of proliferating cells which replace those cells shed from the post-confluent monolayer. This is a reasonable assumption since in vivo, vascular endothelial cells readily divide to cover gaps in the endothelial lining of a vessel wall (29) .
Analysis of 67LR mRNA expression in cells is somewhat complicated by the fact that it codes for the 67LR precursor protein 37LRP/p40 which also functions as an integral component of the cell translational machinery (30) . Therefore it remains possible that an increase in 67LR mRNA may not necessarily result in increased expression of 67LR membrane protein. However, a study by Castronovo et al. (31) demonstrated that 67LR protein up-regulation correlated with increased 67LR mRNA levels when a breast cancer cell line was exposed to estrogen and progestins (31) . Likewise, increased synthesis of 37LRP has been shown to be necessary for laminin-induced expression of 67LR in human melanoma cells (32) .
In the current study, RT-PCR and Southern blotting techniques demonstrate that 67LR mRNA expression correlates closely to the pattern of 67LR protein expression in proliferating RMEC and T47D breast carcinoma cells in vitro. In light of this finding and previous studies (31, 32) it would appear that the increased levels of protein product are a direct result of increased levels of transcript. However, while this may be so, it must be recognised that the synthesis of many different proteins, including components of the cell translational machinery, is up-regulated during cell proliferation (33) . Thus, it is feasible that elevated levels of 67LR mRNA in proliferating endothelial cells may reflect up-regulation of p40 in response to increased cellular activity. Nevertheless, the close correlation between 67LR protein on the plasma membrane and mRNA expression in the current study provides strong evidence that the mRNA message for this receptor is specifically up-regulated by RMEC during proliferation. Interestingly, a similar hypothesis has been proposed for cancer cells, whereby resting cells with metastatic potential express low levels of 67LR, but increases its expression during invasion and metastasis (32) .
